The study by resonance Raman spectroscopy with a 257 nm excitation wavelength of adenine in two single-stranded polynucleotides, poly rA and poly dA, and in three double-stranded polynucleotides, poly dA.poly dT, poly(dA-dT).poly(dA-dT) and poly rA.poly rU, allows one to characterize the A-genus conformation of polynucleotides containing adenine and thymine bases.
INTRODUCTION
It is now well established that the structure of DNA is much more polymorphic than the Watson and Crick model let foresee and numerous works have attempted to determine the influence of the sequence of the bases on structure.
Oligonucleotides and polynucleotides of known sequences were used in that purpose.
The more astonishing results were obtained with oligonucleotides or polynucleotides containing alterning guanine-cytosine sequences. However, the synthetic polynucleotides constituted with the adenine and thymine bases, either the alternating copolymer poly(dA-dT).poly(dA-dT) or the homopolymer poly dA.
poly dT, seem to adopt particular conformations. At first, Klug et al. ' proposed an "alternating B structure" for poly(dA-dT).poly(dA-dT) but this model does not seem to give a good account for the fiber data . Right -or left-handed helix, Watson-Crick or Hoogsteen base-pairing, the structure of this polynucleotide is not yet totally elucidated (see Gupta et al. for discussion).
The structure of poly dA.poly dT was less studied. The first X-ray diffraction patterns of fibers brought about Arnott and Seising to propose a minor variant of B-DNA as structure of the polymer. In a recent study Arnott et al.* proposed a heteronomous secondary structure for poly dA.poly dT. One chain, probably poly dA, has C3'-endo puckered furanose rings characteristic of the A family of polynucleotide secondary structure while the other, probably poly dT, has the C2'-endo puckered rings of the B family. Classical Raman spectroscopy of poly dA.poly dT in solution revealed the simultaneous existence of both C2'-endo and C3'-endo Raman marker bands 5 ' 6 . It is then not yet possible to know vhat strand has C3'-endo puckered rings.
In view of the recent interest in the secondary structure of deoxyribonucleic acids with a high dA-dT content, we have undertaken a study by resonance Raman spectroscopy with a 257 nm excitation wavelength of poly dA, poly rA, poly(dA-dT).poly(dA-dT), poly dA.poly dT and poly rA.poly rU. The information obtained by resonance Raman spectroscopy concern exclusively the bases of the nucleic acids. With a 257 nm excitation wavelength, one can see preferentially the adenine bases (as compared to thymine and uracil). This allows one to demonstrate that the stacking of the adenines is similar in poly dA.poly dT and poly rA and comparable to the stacking of the adenine residues in poly rA.poly rU. Therefore the stacking of the poly dA strand is probably of the A-type with a C3'-endo ribose ring pucker.
HATERIALS AND METHODS
Deoxyadenosine, deoxythymidine and deoxyuridine were purchased from Sigma, poly rA, poly dA.poly dT and poly(dA.dT).poly(dA-dT) from Boehringer, poly dA and poly rA.poly rU from P.L. Biochemical. All solutions were prepared in 50 mM phosphate buffer, pH 7. In some cases, the polynucleotides were dialyzed against the same buffer. The final concentrations in nucleotides
The resonance Raman spectra of oligonucleotides were obtained in the range 400 cm ' -1800 cm '. Details of the Raman set-up have been described We studied as well the native and denaturated poly rA.poly rU (Fig. 4) . This polynucleotide was chosen since its structure seems now to be well known :
Arnott et al.
showed that the structure adopted by a fiber was of the A-faai- is comparable to that of the adenine lines in the A-family polynucleotides.
One can give another argument in comparing for each polynucleotide the relative intensities of the lines, taking the 1484 cm line as internal reference (Table II) .
It appears that these values are similar on the one hand for the polynucleotides of the A-family, i.e. poly rA and poly rA.poly rU, on the other hand for the polynucleotides of the B-family, i.e. poly dA and poly(dA-dT).poly(dA-dT). (Table II) The results that we presented here indicate that the resonance Raman spectroscopy with a 257 nm excitation wavelength allows us to determine a spectrum characteristic of the A-form of a polynucleotide chain containing adenines. It is this spectrum, except small differences, which is observed for poly rA, poly rA.poly rU and poly dA.poly dT, which proves that it is the adenine strand which adopts a A-conformation in this last case. It confirms the hypothesis of Aroott et al.*.
Resonance Raman spectroscopy does not allow one to obtain new information about the structure of poly(dA-dT).poly(dA-dT) in solution. Some studies indicated (see above) that the T-A stacking is probably different from A-T stacking. For instance, Thomas and Peticolas 6 showed that, under certain conditions, some C3' endo-conformation may exist for that polynucleotide. However, the contribution of adenine to the Raman spectrum of poly(dA-dT).poly(dA-dT)
is not significantly different from the spectrum of poly dA. So the technique used here does not allow to detect a particular structure in the case of the alternating polymer.
